Introduction associated with a high clinical success rate. [1] [2] [3] [4] [5] Despite the proven long-term clinical and radiographic success, ACDF is associated with certain disadvantages, including the loss of motion segments, the potential for accelerated adjacent segment disease, and the reliance on the need for solid bony fusion.
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The nonunion rates after ACDF can vary based on the number of levels fused, the type of allograft used, and the surgical technique. The pseudarthrosis rates can range from 0 to 20% in single-level ACDF to over 60% in multilevel fusions. [12] [13] [14] [15] [16] [17] The treatment of a symptomatic pseudarthrosis can be accomplished either through a revision anterior procedure or via a posterior approach. To date, there remains considerable debate in the literature as to the optimal method for the treatment of pseudarthrosis. There are no randomized control trials directly comparing the outcomes following treatment of pseudarthrosis. The purpose of this study is to perform a meta-analysis to compare fusion and clinical success in the treatment of pseudarthrosis between the anterior and posterior approaches.
Materials and Methods

Inclusion and Exclusion Criteria and Review Procedure
A systematic computerized Medline literature search was performed using PubMed, Cochrane Database of Systematic Reviews, and EMBASE. The electronic databases were searched for articles published from January 1980 to December 2013. The searches were performed with Medical Subject Headings (MeSH) used by the National Library of Medicine. Specifically, MeSH terms "cervical pseudoarthrosis," "cervical nonunion," "anterior cervical discectomy and fusion (ACDF)," and "posterior cervical fusion" were used. In PubMed, a clinical queries filter was used to delineate only those studies of English language, in adult patients, and with an available abstract. Inclusion criteria in the meta-analysis were: adult patient, subaxial spine, failed anterior cervical fusion, 6-month's follow-up, and a minimum of 10 patients for a given study.
The abstracts of each article were reviewed by two independent authors to assess for inclusion in the meta-analysis. The authors then jointly reviewed the full text of the articles meeting criteria based on the abstract to determine agreement on the inclusion of the studies. In case of a discrepancy, a third author participated in the discussion until a consensus was reached. The methodological quality of each included study was appraised and scored in accordance with the Oxford Levels of Evidence 2.
Data Extraction
A meta-analysis database was created from included studies with the following categories: (1) study ID to include author, journal, and year of publication; (2) reference; (3) study type and level of evidence; (4) study inclusion and exclusion criteria; (5) number of patients; (6) male-to-female ratio; (7) patient age; (8) length of follow-up; (9) number and level of pseudarthroses; (10) secondary operative intervention; (11) fusion success; and (12) clinical success (►Table 1). The primary outcomes variables were fusion success and clinical success using Odom's or Prolo criteria. Clinical success was converted into a binary variable with excellent/good equaling success and fair/poor equaling failure.
Meta-Analysis Methods
The pooled results were performed by calculating the effect size based on logit event rate using Comprehensive Meta Analysis, version 2.2.050 (Biostat, Englewood, New Jersey, United States). The studies were weighted in the metaanalysis by the inverse of the variance, which included both within-and between-study error. The effect size and confidence intervals were reported using Forest plots. The confidence intervals (CIs) were reported at 95% levels. The comparison between the groups was performed using the Z distribution and a t test or, for multiple groups, analysis of variance. A p value of 0.05 was set for significance. Heterogeneity was assessed using the Q statistic and I 2 , where I 2 is the estimate of the percentage of error due to between-study variation. I 2 values below 25% generally indicate consistent results and homogeneous studies. We selected an a priori random effects model. The sensitivity analysis was performed by varying the assumptions used in the meta-analysis and by single elimination of the studies from the three institutions with at least four separate control treatment arms. The funnel plots of effect size versus standard error were assessed by visual inspection to determine publication bias.
Results
Systematic Review
The initial PubMed, Embase, and Cochrane Review search resulted in 281 articles. After assessment by two reviewers, 20 articles were identified that met inclusion criteria. Three studies were excluded for an insufficient number of cases or a poor study design. All the studies were level IV evidence. Descriptive information for the studies is given in ►Table 1. Overall, 217 patients were treated anteriorly and 280 patients posteriorly; patients had a mean age of 46.9 years. Of the patients, 47.9% were male, and the mean clinical follow-up averaged 40.6 months.
Sixteen studies reported fusion outcomes. 13, [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] An anterior approach was performed in 10 studies. Similarly, a posterior approach was utilized in 10 studies. Three studies reported the subgroups of both the anterior and posterior approaches. One of these studies also reported a third treatment arm of a combined anterior-posterior approach; however, this was not included in the statistical analysis. 
Summary of Investigations
Sensitivity Analysis and Publication Bias
Single elimination of each study resulted in a change of statistical result only once. When the Carreon study, which was a large study, was removed from the analysis, the difference between the groups became not significant (p¼ 0.07).
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The funnel plots were symmetric about the mean effect for both clinical and fusion success indicating absence of a publication bias. This was confirmed with the fail-safe N, which was 629. This means that we would need to locate and include 629 "null" studies before the combined two-tailed p value is nullified.
Discussion
The treatment of a symptomatic anterior cervical pseudarthrosis requires a choice between performing a revision anterior procedure or a posterior approach procedure. Revision anterior procedures for pseudarthrosis require dissection through scar tissue with the risk of damaging adjacent structures including the recurrent laryngeal nerve, esophagus, contents of the carotid sheath, and trachea.
32, 33 Coric et al showed a higher incidence of dysphagia in anterior revision procedures. 18 Contraindications for the posterior cervical approach include the presence of graft dislodgement or a kyphotic deformity. Posterior cervical fusion has been associated with larger intraoperative blood loss, a longer hospital stay, and a higher overall complication rate.
19
Meta-analysis allows for pooling of data from similar study designs to determine if there is a significant effect and if so, the magnitude of the effect. Additionally, the heterogeneity, or variability within studies, is assessed by measuring the consistency of the results between studies. A random-effects model was used in our analysis due to a lack of consistency among the included studies, with considerable variation in methodology and surgical technique both between and within the studies. In the anterior revision group, there was significant heterogeneity with large I 2 values for both fusion and clinical outcomes. The posterior group demonstrated homogeneity for fusion but large heterogeneity for clinical success. Thus, the posterior approach can be considered to result in a consistent result for fusion, but not for clinical success. The reported effect for fusion is likely close to the true effect in a posterior approach-based revision. Conversely, the anterior approach can be considered to produce moderately inconsistent results for both fusion and clinical success, with the reported effect likely divergent from the true effect. Given the moderate heterogeneity observed in the clinical and fusion results for the anterior group, uncertainty in the result can be inferred. In general, when little to no heterogeneity exists, the results that are reported likely represent an accurate reporting of the outcomes or the true effect.
Our meta-analysis indicated that the patients with symptomatic cervical pseudarthrosis can be effectively managed with either an anterior or a posterior approach, with the posterior approach demonstrating a statistically higher and largely reproducible fusion rate when compared with the anterior approach. Three studies in our meta-analysis included patients treated with either an anterior or a posterior approach. 19, 20 The average anterior fusion rate in these three studies was 59% and the average posterior fusion rate was 95.3%. Specifically, Carreon et al reported a reoperation rate of 44% after an anterior revision due to persistent nonunion.
Those patients treated with a posterior procedure had a repeat revision rate of 6%. However, there was a significantly higher complication rate seen in the posterior group (8 versus 4%). Despite significant difference in the rates of fusion, there was no statistically significant difference in the clinical outcomes between the two groups. This divergence could possibly be attributed to the higher complication rate as well as the postoperative neck pain that is seen in the posterior fusion group. Additionally, the rate of asymptomatic nonunion versus radiographic nonunion is not well defined in many of the studies. Our meta-analysis suggests that, for the treatment of anterior cervical pseudarthrosis, the posterior approaches are more likely to end in solid fusion, although there is no difference in clinical outcome between the two groups. Future randomized controlled trials with high methodological quality and long-term follow-ups are needed to better evaluate the two procedures for the treatment of symptomatic anterior cervical pseudarthrosis. The primary studies did not distinguish between neck and arm pain, which is certainly a consideration when deciding upon an approach. Many authors would choose an anterior approach if anterior pathology is present at the site of pseudarthrosis, and others might perform a foraminotomy and posterior fusion. Unfortunately, we could not analyze differences between these two approached for this clinical scenario from our data. We would hypothesize that the poorer clinical results compared with fusion seen in the posterior group may be caused by residual anterior root compression. Similarly, there was insufficient information as to how the 28% of patients who failed a revision anterior fusion were subsequently treated or their ultimate outcome.
Limitations are inherent with all meta-analyses, including the heterogeneity of the included studies, missed studies within our search, and unknown biases within the primary studies. There is considerable variability among the studies in terms of the operative technique and the means of fixation in both the anterior and posterior groups. For instance, Carreon et al utilized thee different posterior stabilization techniques including wiring, lateral mass screw and plate systems, and lateral mass screw and rod systems. 19 However, the type of instrumentation used for the posterior fusion did not appear to impact fusion rates or clinical outcome in any of the studies. Similarly, the older studies did not include anterior plate fixation, which may have increased the fusion success. Another potential limitation of this meta-analysis is the poor overall quality in the studies. The studies utilized a variety of different outcomes assessment tools and fusion criteria, which can also confound the combined results. The lack of homogeneity, principally in the anterior group, is also a considerable potential limitation. A subgroup analysis to analyze different graft or plate and screw systems could not be performed as this information was not routinely available. Although all included patients were diagnosed with an anterior cervical pseudarthrosis, the heterogeneity of the surgical indications and the patient-dependent factors represent another potential study limitation. There was variability in the number of involved levels among cases, and the results are not stratified based on the number of nonunion levels treated.
Conclusions
Patients with symptomatic cervical pseudarthrosis can be effectively managed with either an anterior or a posterior approach surgery. The posterior approach demonstrated a significantly greater fusion rate compared with the anterior approach, though the clinical outcomes did not differ between the two treatment groups. The anterior approach demonstrated significant heterogeneity for both fusion and clinical success, and the posterior approach demonstrated homogeneity for fusion rates and less heterogeneity, as compared with anterior revisions, for clinical success. The posterior approach can therefore be considered to produce consistent results, and the effect we report is likely close to the true effect.
